Kingsbury & Houser, 1988; McBride & Martin, 1983) has been used in CAT. These models do not differentiate between an examinee's incorrect answer and other incorrect alternatives for purposes of trait estimation. Thus, dichotomous models and dichotomous model-based CATS operate as if an examinee either knows the correct answer or randomly selects an incorrect alternative.
Dichotomous model-based CATS have not incorporated findings from human cognition studies (e.g., Brown & Burton, 1978; Brown & VanLehn, 1980; Lane, Stone, & Hsu, 1990; Tatsuoka, 1983) . For example, Tatsuoka's (1983) analysis of student misconceptions in solving mathematics problems showed that incorrect responses could be of more than just one kind; however, dichotomous scoring uniformly assigned a score of zero to all incorrect responses. Moreover, Nedelsky (1954) (0) by providing information about the examinee's level of understanding (i.e., provide diagnostic information). Bock (1972) and Thissen (1976) found that for examinees with 0 estimates in the lower half of the 0 range the nominal response (NR) model provided from one-third to nearly twice the information furnished by a dichotomously scored two-parameter model; there was no difference in information yield between these two models for 0 estimates above the Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227. May be reproduced with no cost by students and faculty for academic use. Non-academic reproduction requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ median 0. In an application to multiple-choice and free-response items, Vale & Weiss (1977) found that the NR model provided more information for middle 0 examinees than that shown in the Bock (1972) and Thissen (1976) studies.
In classical test theory, the use of proper scoring techniques to assess partial knowledge yields increases in the reliability of multiple-choice tests (e.g., Coombs, Milholland, & Womer, 1956 ). Frary (1989) , Haladyna & Sympson (1988) , and Wang & Stanley (1970) Sympson, 1986) . Research on the use of polytomous IRT models in CAT has shown promising results. For instance, Sympson (1986) found that an adaptive test based on a polytomous model (Model 8) could be 15-20% shorter than a paper-and-pencil test without sacrificing test reliability. These studies have shown that (1) using item pools smaller than those used with dichotomous model-based CATS leads to satisfactory estimation ; (2) using the standard error of the 0 estimate (SEE) for terminating an adaptive test is preferred to using the minimum item information termination criterion; and (3) using a variable stepsize instead of a fixed stepsize tends to minimize nonconvergence of 0 estimation. The models used in these studies included Masters' (1982) parti~'1 credit model, Andrich's (1978) rating scale model, and Samejima's (1969) graded response model. Bock's (1972) Hambleton & Swaminathan, 1985; Lord, 1980; Weiss, 1983) (Patience & Reckase, 1980; Urry, 1977; Weiss, 1982 (8)] is equal to the sum of the option informations, where option information is defined as (Bock, 1972) and item information is Figure 3 contains the information function for an item with a = (1, .l, -. 1, -1) and c = (.1, 2.4, -2.6, .1). .
Although Urry's (1977) For each lmax level of the mi = 3 and mi = 4 conditions, the a vectors for the items were selected using a trial-and-error procedure to approximate the relevant lmax value.
A number of researchers have stated that the bs should be evenly distributed throughout the 0 range of interest (e.g., Patience & Reckase, 1980; Urry, 1977; Weiss, 1982 1,300 examinee 8s were generated to be evenly distributed between -3.0 and 3.0 using a .5 logit interval between successive 0 levels (i.e., for 100 examinees 0 = -3.0, for 100 examinees 0 = -2.5, etc. (Hays, 1988 Dodd, & Koch, 1992; Dodd, 1984; Koch, 1981; Reckase, 1979) . MULTILOG (Thissen, 1988) (Hays, 1988 (Table 4) . That is, for the shorter test length (10 items) more informative items were needed than at longer test lengths.
For all 1max values, there was a significant improvement in the accuracy of estimation as test length increased from 10 to 15 to 20 items (see Table 5 ). At Results of the ANOVAS (Table 2) show that test length and 1max did not have a significant effect on bias. This is, in part, a function of the way bias was calculated and the potential for cancellation of negative bias by positive bias. Figure 4 contains RMSE and bias plots for selected NR c~'rs-these plots were typical of all the NR CAT plots.
For the three-category condition and test lengths of 20 or more items, the results were similar to the two-category condition (Tables 2-5) Table 6 contains descriptive statistics for the Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227. May be reproduced with no cost by students and faculty for academic use. Non-academic reproduction requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ Tables 8 and 9 , parallel those presented in Table 9 ). 
